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Melanosomal "tyrosinase" (L-dopa oxidase) was isolated from trypsin digests of B-16 
mouse melanoma melanosomes, using polyacrylamide gel disc electrophoresis. The enzyme 
was represented by a single band, having characteristics similar to the T 1 dopa-positive band 
observed when using supernatants of crude melanoma homogenates as the source. When gels 
with this band were incubated in solutions containing tyrosine and dopa in varying ratios, 
there was no enhancement of melanin formation by tyrosine when compared with 
incubations in corresponding concentrations of dopa alone. These data further support 
previous studies in our laboratory demonstrating an inability of so-called mammalian 
"tyrosinase" to convert tyrosine to melanin; since this enzyme readily converts L-dopa to 
melanin, it seems more reasonable to term this enzyme an L-dopa oxidase. 
Both histochemical and biochemical data have 
been published indicating that mammalian "tyro-
sinase" is an L-dopa oxidase with no ability to 
oxidize tyrosine, and that a heme peroxidase is 
required for the initial step of tyrosine hydroxyla-
tion in melanogenesis [1-9]. This work included a 
biochemical studv of isolated melanoma "tvrosi-
nase," using thr~e different assay system~ [7 ]. 
Holstein, Stowell, Quevedo, Zarcaro, and Bienieki 
[10] have recently published a polyacrylamide gel 
electrophoretic study indicating that mammalian 
"tyrosinase" can oxidize tyrosine to melanin. This 
report describes the results of electrophoretic stud-
ies, using methods similar to those of Holstein et 
a!. 
MATERIALS !l..c"'D METHODS 
Source of the Enzyme 
Enzyme was obtained from melanosomes which were 
isolated from heavily melanized B-16 mouse melanoma, 
maintained in C57BL/6J mice. Melanosomes were pre-
pared from the large granule fraction isolated from B-16 
mouse melanoma, according to the method of Seiji et al 
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[11, 12]. AU homogenization and centrifugation was car-
ried out at 4 oc. The melanoma was excised and placed 
in 4 volumes of cold isotonic sucrose, followed by continu-
ous homogenization for 3 min, and centrifugation at 700 
x g for 10 min. The supernatant was centrifuged at 
11,000 x g for 10 min and the resulting sediment was 
resuspended in sucrose and again centrifuged at 15,000 x 
g for 10 min. The sediment was suspended in 4 ml of 0.25 
M sucrose and layered onto a sucrose density gradient 
(1.76-3.42 molar). It was then centrifuged for 1 hr at 
128,000 x g, and aliquots of the fractions were fixed for 
electron microscopy in 2% OsO, in 0.1 M phosphate buffer 
containing 0.25 M sucrose. Two milliliters of a 0.25 M 
sucrose suspension of melanosomes were incubated with 
0.1 ml of a trypsin solution (0.04 mg/ml) in 0.1 M 
phosphate buffer, pH 7.4, at 4 °C for 15 min and 18 hr, 
respectively. Trypsin was obtained from Sigma Chemical 
Co. (T-8253, 14.4 units/mg). 
Enzyme Separation 
Aliquots (0.05 and 0.1 mil of trypsin-treated and 
trypsin-untreated melanosomal fractions were subjected 
to polyacrylamide gel electrophoresis, according to a 
modification of Davis's method [13], using a standard 7% 
gel system. The small-pore gel mixture was polymerized 
with ammonium persulfate as a catalyst for approxi-
mately 30 min. The larger-pore gel was polymerized using 
a fluorescent light source 6 inches from the gels for 
another 30 min. Electrophoresis was carried out for 60 
min at 3 rna/gel, using a Shandon Disc Gel Apparatus 
and a standard Tris-glycine buffer. pH 8.3. 
Enzyme Assay 
Melanogenic activity. After electrophoresis, the gels 
were neutralized in 1.0 M phosphate buffer at pH 6.8 for 
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30 min. Melanogenic activity was visualized by incuba-
tion of gels in a solution of 7. 7 mM L-dopa for 2 hr. 
Attempts to visualize conversion of tyrosine to melanin 
were carried out by incubating additional gels in 0.2 mM 
tyrosine plus 0.1 mM L-dopa (with controls in which the 
tyrosine was omitted), using incubation periods of 1 to 24 
hr. Substrates were dissolved in 0.1 M phosphate buffer, 
pH 6.8. In other experiments, the tyrosine and L-dopa 
concentrations were varied with tyrosine:dopa ratios 
ranging from 1:1 to 40:1 (see Table). 
Peroxidase activity. Mter neutralization of gels, they 
were subjected to the benzidine reaction of De Robertis 
and Grasso [14]. 
All enzyme assays were carried out on trypsin-treated 
and trypsin-untreated melanosomal fractions. 
Protein Assay 
Mter neutralization of gels, protein bands were demon-
strated with the method of Davis [13 J, using Coomassie 
blue. Gels were stored in 7.5% acetic acid. 
RESULTS 
Melanosome Pellet 
Ultrastructural examination of the melanosome 
pellet showed a range of melanization (Fig. 1) with 
minimal contamination by other organelles (e.g., 
mitochondria). 
Enzyme Assay 
Melanogenic activity. The same melanin band 
was noted with the higher as well as the lower 
concentrations of dopa (Fig. 2B,C,D: Rx-0.54). 
With the lower concentrations of dopa, there was 
no enhancement of melanin formation in the 
presence of tyrosine (Fig. 2C). In fact, tyrosine 
1. Melanosomal pellet obtained by density-
centrifugation shows me]anosomes with varying 
of melanization and occasional mitochondria. 
acetate and lead citrate stain, x 21,000.) 
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inhibition was evident in all tyrosine:dopa ratios 
ranging from 2:1 to 40:L Furthermore, there was 
no evidence of tyrosine utilization by the melano-
somal dopa oxidase despite the variation in incu-
bation times (from 1 to 24 hr) and the variation in 
the tyrosine:dopa ratios from 1:1 to 40:1 (Table). 
Also, in gel B (7.7 mM dopa incubation}, additional 
melanin bands were noted in the upper part of the 
lower gel, which had no protein band counterparts 
in gel A. In the sample which was not treated with 
tyrpsin aliquot, no melanin bands were noted after 
L-dopa incubation. 
Peroxidase activity. No peroxidase bands were 
revealed with the standard benzidine reaction. 
FIG. 2. Polyacrylamide gels show a single enzyme 
band derived from the melanosomal pellet. (A) Coomas-
sie blue protein stain: (B) melanin band resulting from 
7.7 mM dopa incubation; (C) melanin band resulting 
from incubation in tyrosine and dopa, each in 0.2 mM 
concentration; (D) melanin band resulting from incuba-
tion in 0.2 mM dopa "~thout tyrosine. 
TABLE 
Variation of tyrosine:dopa incubation mixtures 
Ratio Tyrosine Dopa Rati:r Tyrosine Dopa +dopa control +dopa control 
' 
1:1 0.2mM 0.2mM 0.2mM 10:1 2mM 0.2IDM 0.2mM 
1:1 0.4mM 0.4mM 0.4mM 20:1 2mM 0.1mM 0.1mM 
2:1 0 4rnM 0.2 mM 0.2 IllM 40:1 2 mM 0.05mM 0.05mM 
2:1 0.2mM 0.1 mt.l rn~~ 
4:1 0.8mM 0.2 mM 0.2 IllM 
I 
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Protein Assay 
A distinct protein band was visualized having 
the same R,. value as the melanin band (Fig. 2A). 
DISCUSSION 
This paper describes a melanosomal "tyrosin-
ase" (dopa oxidase) system in acrylamide gels 
uncontaminated by peroxidase. This is a more 
accurate system for evaluating substrate capabili-
ties of "tyrosinase" than the crude system used by 
other investigators [10 j. It excludes the possibility 
that dopa synthesized by peroxidase bands can 
diffuse into the "tyrosinase" band, which would 
result in a misleading impression that tyrosine has 
been converted to melanin by this enzyme. We did 
not find melanosomal peroxidase in our weak 
trypsin digests. There are two peroxidase fractions: 
(1) a readily soluble fraction which is lost during 
preparation of the crude melanoma supernatants; 
(2) a tightly bound fraction found in our membrane 
pellet, which thus far has been resistant to a 
variety of standard detergents, phospholipases, 
and proteases, and which is somewhat analagous, 
therefore, to the characteristics of membrane-
bound adenyl cyclase. Because of the nature of 
these two fractions, we would not expect peroxi-
dase to appear in our weak trypsin digests of the 
melanosomes. 
The apparent melanin bands in Figure 2 (gel B) 
in the upper portion of the running gel appear to 
lack counterpart protein bands (gel A}. The possi-
bilities exist that either there is too little protein to 
be stained with Coomassie blue or that there is 
nonspecific dopa oxidation by contaminant non-
protein material. More important, however, is that 
these bands have neither peroxidase nor cresolase 
activity. 
The tyrosine hydroxylation assay method mea-
suring •H-water formed from •H-tyrosine was not 
used, as it was by Pomerantz [15 J, because of its 
inherent deficiencies. Unless •H-dopa is measured 
concomitantly along with a heat-inactivated con-
trol, this method is ambiguous. Preliminary stud-
ies in our laboratory (unpublished data) have 
shown that many intact and heat-inactivated me-
talloproteins can nonspecifically deprotonate 'H-
tyrosine to form •H-water. 
Contrary to the findings of Holstein et al [10 ], 
with a wide range of tyrosine: dopa ratios (Table), 
there was no discernible increase in melanin syn-
thesis in the presence of tyrosine. Furthermore, 
when the tyrosine:dopa ratio was 2:1 or greater, 
there was tyrosine inhibition of melaninsynthesis 
(Fig. 2C). These findings are consistent with our 
previous study with purified dopa oxidase assayed 
by spectrophotometry and column chromatogra-
phy [7]. It cannot be inferred that the amount of 
enzyme protein in the band studied was inade-
quate for assay of cresolase activity, since it 
produced an exceedingly strong dopa reaction (Fig. 
28). When overwhelming concentrations of T 1 
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were present, the same data were obtained [16]. 
Available data indicate that mammalian mela-
nogenesis is based on the synergistic action of 
peroxidase and L-dopa oxidase (previously called 
tyrosinase) and that an aerobic mammalian tyro-
sinase is absent in melanocytes [1-9]. 
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This paper was reviewed by Dr. Walter C. Quevedo, Jr., of the Division of Biological and Medical 
Sciences, Brown University, Providence, Rhode Island, who has submitted, on his own behalf and that of 
his colleagues, Thomas J. Holstein, Ph.D., and Theresa C. Bienieki, the following comments: 
Consistent with Edelstein et al's [1] paper, our comments essentially will be focused on whether the T, 
band routinely visualized in polyacrylamide gel electropherograms of supernatants from mouse 
melanoma and hypodermal ("hair bulb") homogenates should properly be regarded as tyrosinase or dopa 
oxidase. Since our methods have been extensively described elsewhere [2], only relevant supplementary 
details will be provided here. 
Evidence that T 1 possesses activity toward tyrosine as a melanogenic substrate is provided by the 
Pomerantz radioassay [3]. The standard application of the method of Pomerantz (4,5] as well as by others 
[6-8] has been to measure the 'HOH released from L-tyrosine-3,5-'H as a result of tyrosine hydroxylase 
activity of tyrosinase. The radioassay centers about Pomerantz' demonstration that the amount of 'HOH 
formed is equivalent to the amount of dopa-•H synthesized by the hydroxylation of L-tyrosine-3,5,-'H [3]. 
In view of the widespread practice of relating 'HOH formation to the tyrosinase-catalyzed hydroxylation 
of tyrosine, the statement by Edelstein et a] that this method of assay is nonspecific is of great 
importance. Their report of experiments which suggest a physiologically significant, nonspecific 
production of 'HOH from L-tyrosine-3,5-'H without concomitant synthesis of dopa-'H could cast doubt 
on this approach to demonstrating the existence of tyrosinase. This would be particularly true if the 
counts released nonspecifically as 'HOH approximate those currently attributed to tyrosine hydroxyla-
tion by tyrosinase. Unfortunately, these data on the ability of boiled and nonboiled metalloproteins to 
oxidize tyrosine nonspecifically as well as on the precise nature of the metalloproteins examined by 
Edelstein et a! are not provided in the paper under consideration. In our application of the Pomerantz 
radioassay we have used equivalent amounts of tyrosine and dopa to offset the possibility of substrate 
inhibition of tyrosinase by tyrosine [3]. We have found that T, isolated from electropherograms of 
supernatants from Harding-Passey melanoma homogenates is associated with a markedly greater 
production of 'HOH compared to the counts generated in controls where boiled T, is added {Tab.) or T, is 
omitted [2]. Very little hydroxylation of tyrosine occurs in the presence of boiled T,. Addition of catalase 
to the reaction medium produces only a slight reduction in the amount of 'HOH released [2]. 
Consistent with our findings on boiled T, utilizing the Pomerantz radioassay, gel electropherograms of 
supernatants from Harding-Passey melanoma homogenates placed in boiling water for 10 min do not 
deposit melanin at the T, (or T 2- T ,} position when incubated in a medium containing 0.5 mM 
tyrosine/0.05 mM dopa. Nonboiled electropherograms exhibit considerably greater melanin deposition at 
TABLE. Tyrosine hydroxylating activity of isolated T, from 
Harding-Passey melanoma as determined by the method 
of Pomerantz [3] 
Activity ofT 1 isolated from electro-
pherograms of trypsin-treated 35,(X)() 
x g supernatant fraction [2 ]" 
BoiledT,' 




" Reaction mixture consists of l ml boiled or nonboiled 
T 1 supernatant plus 10 ml of incubation medium (0.1 ml 
L-tyrosine-3,5-'H [1.0 mCi/ml: S.A.69.36 Ci/mM (NENI j, 
1 mg L-tyrosine, 1.2 mg L-dopa in 50 ml of 0.1 M 
phosphate buffer pH 6.8). Dopa treatment of one gel was 
used to detect T 1 position in remaining gels (T 1 isolated 
from unstained gels). 
• Tube containing l ml ofT, supernatant was placed in 
boiling water for 10 min. 
' Background was subtracted in each case (background 
~ counts from a control sample to which no T 1 was 
added). 
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the T, position when the gels are incubated in 0.5 mM tyrosine/0.05 mM dopa compared to 0.05 mM dopa 
alone (Fig. 1). 
Peroxidase can readily be demonstrated histochemically in approximately the T,-T, position of 
electropherograms of supernatants from mouse "hair bulb" and Harding-Passey melanoma homogenates 
[2 J. However, the enhanced deposition of melanin at the T 1 position in the presence of tyrosine/dopa 
cannot be explained by the diffusion to the T, position of dopa produced by the action of peroxidase on 
tyrosine. \Vben gel electropherograms of C57BL "hair bulb" supernatants are split between the T 1 and 
peroxidase positions prior to incubation (for methods, see [2]), the isolated T, fragments show enhanced 
melanin deposition in the presence of 0.2 mM tyrosine/0.05 mM dopa when compared to 0.05 mM dopa 
alone (Fig. 2). Although T 2 - T, and peroxidase incompletely overlap in mobilities in polyacrylamide gel 
electropherograms, genetic variation in the occurrence of T,-T, indicates that they are distinct, separ-
able entities [2,10]. Irrespective of genotype, peroxidase has been found in all "hair bulb" electrophero-
grams tested ([2] and unpublished data). 
We have previously reported that tyrosine, when present in appropriate concentrations, will inhibit the 
conversion of dopa to melanin in gel electropherograms [2]. We attributed this finding to the tyrosine 
substrate inhibition reported by Pomerantz for melanoma tyrosinase [2]. Based on comparative studies 
of melanoma and "hair bulb'' homogenates, our results suggest that the demonstration of tyrosine 
utilization by tyrosinase depends on the establishment of tyrosine/dopa concentrations in ratios 
appropriate to the amount of tyrosinase in the polyacrylamide gel electropherograms [2 J. For "hair bulb" 
extracts, when tyrosine is greater than 0.4 mM in the incubation medium (with dopa = 0.2 mM), melanin 
deposition is inhibited compared to the amount synthesized in the presence of0_2 mM dopa alone. When 
tyrosine is present at low concentrations, i.e., 0.4 mM and less, enhancement is found. Since the amount 
of tyrosinase in the gels has not been determined either by us or by Edelstein et al, it is possible that the 
amount of T 1 released from melanosomes by trypsinization in their experiments was less than the 
amount present in our trypsinized "hair bulb" supernatants. Therefore, Edelstein et al's somewhat 
surprising failure to demonstrate enhancement of melanin deposition in the presence of 0.2 roM tyrosine 
and 0.1 mM dopa (the lowest ratio of tyrosine/dopa concentrations reported) might be the result of the 
presence of tyrosine in a concentration still inhibitory for the amount of tyrosinase present. 
In some instances, our electropherograms of "hair bulb" supernatants exhibited a lag in tyrosine 
utilization such that gels incubated in tyrosine/dopa produced less melanin than their dopa controls 
during the initial phases of incubation. However, in such cases melanin deposition surged ahead in the 
tyrosine/dopa incubated gels usually by 3 hr. The magnitude of difference between gels incubated in 
tyrosine/dopa and dopa alone was enhanced by overnight incubation. Based on the traditional 
FIG. l. Electropherograms of trypsinized 35,000 x g 
supernatant of Harding-Passey melanoma homogenate 
(1 gm wet weight of tissue/10 ml of 0.25 M sucrose): (a) 
gel placed in boiling water for 10 min then incubated in a 
solution of 0.5 mM tyrosine/0.05 mM dopa at 37°C for 35 
min; (b) nonboiled gel incubated in 0.05 mM dopa for 35 
min at 37"C; (c) nonboiled gel incubated in 0.5 mM 
tyrosine/0.05 mM dopa for 35 min at 37°C. 
FIG. 2. Electropherograms of trypsinized 35,000 x g 
supernatant of C57BL "hair bulb" homogenate obtained 
10 days post plucking (1.5 gm wet weight of tissue/5 rnl of 
0.25 M sucrose): (o) T 1 region of gel isolated from 
peroxidase prior to incubation in 0.05 mM dopa for 20 hr 
at 37°C; (b) peroxidase band(s) revealed by van Duijn 
benzidine reaction in gel fragment matching that in (a); 
(c) same as (b) except that gel is match for (d); (d) T, 
region of gel isolated from peroxidase prior to incubation 
in 0.2 mM tyrosine/0.05 rnM dopa for 20 hr at 37°C. 
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description of tyrosinase, this unexplained tyrosine-induced lag in melanogenesis might not be expected. 
Nonetheless, persistence of a lag in tyrosine utilization in the presence of catalytic amounts of dopa has 
been reported by Pomerantz [9]. 
Accordingly, assuming no modification ofT 1 by Edelstein et al's preparative method, their failure to 
observe tyrosinase activity of T 1 in polyacrylamide gels may have been at least in part the result of 
establishing tyrosine/dopa concentrations inappropriate to the amount of tyrosinase present and/or 
insufficient periods of incubation and observation. In sum, there is agreement among us that T 1 activity 
revealed by dopa can be obtained in polyacrylamide gels free of any association with peroxidase. Thus, 
the methods for localizing T, are simple and the question clearly focused. If other interested investigators 
join in, the resolution of the tyrosinase vs dopa oxidase "debate" should be close at hand. 
The original work discussed in this review was supported by PHS Research Grant CA 06097 from the National 
Cancer Institute, and originated from the Division of Biological and Medical Sciences, Brown University, Providence, 
Rhode Island, and the Department of Biology, Roger Williams College, Bristol, Rhode Island. 
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Dr. Edelstein and his co-workers have offered the following rebuttal: 
The differences between our results and those of Quevedo's group reflect a problem which may only be 
resolved when the Quevedo group finally responds to our requests to exchange starting materials and 
personnel. It should be noted that Quevedo's group claimed to have achieved an 8 mM concentration of 
L-tyrosine at 37°C, pH 6.8, which is contrary to our experience and to the data in standard handbooks of 
chemistrv. 
We ar~ currently reviewing the validity of the Pomerantz technique which assays hydroxylation of 
tritiated tyrosine by measuring tritiated water formation. Our initial results cast doubt on the validity of 
this method (in preparation). Use of boiled controls does not establish validity of this method. The 
significant controls are measurements of tyrosine consumption and dopa formation in relation to water 
formation (which Quevedo did not do). 
Quevedo asserts that peroxidase and T 2 - T 3 "tyrosinase" incompletely overlap, but has no data to 
support this. Neither his published data nor our data show dopa-positive, benzidine-negative bands, dis-
tinct from dopa-positive, benzidine-positive bands in the T ,-T 3 area. In his 1971 study (J Exp Zoo! 
177:173-183, 1971) a benzidine reaction for peroxidase was not even carried out. The absence ofT2-T, 
melanogenic oxidase bands in some strains of mice, therefore, could just as well be attributed to absence 
ofT2-T, peroxidase isoenzymes as to T 2-T, "tyrosinase" isoenzymes. 
Our alleged inability to use a long enough incubation time to overcome a lag in the oxidation of tyrosine 
by "tyrosinase" cannot account for our inability to reproduce his results. Additional experiments with 
25-hr incubation also failed to produce oxidation of tyrosine by T, "tyrosinase." 
As far as the possibility of too low a concentration of dopa is concerned, we observed no oxidation of 
tyrosine by ''tyrosinase" even when the ratio of dopa to tyrosine was high and when the absolute 
concentration of dopa was high. Our spectrum of tyrosine:dopa ratios was wider than that used by 
Quevedo's group; no ratio enabled us to demonstrate oxidation of tyrosine to melanin by mammalian 
'''tyrosinase.-'' 
Similarly, our failure to reproduce Quevedo's results cannot be attributed to inadequate enzyme 
concentration, since we obtained the same results with T, derived from crude supernatant from large 
quantities of mouse melanoma. 
We have shown that "tyrosinase" isolated from mouse melanoma cannot oxidize tyrosine, using direct 
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methods of assay (J Invest Dermatol 61:55, 1973). We would be pleased to supply some of this enzyme 
preparation to interested groups and we would recommend that such groups attempt to study similar 
preparations from those who support the existence of a mammalian "tyrosinase." 
Quevedo's use of catalase is not a valid method for peroxidase inhibition. Catalase is an effective 
inhibitor in histochemical experiments, but not in in vitro experiments (Biochem J 142:441, 1974). For 
example, catalase can act as a peroxidase (J Cell Bioi 43:275, 1969) and actually increase apparent 
peroxidase activity in vitro. 
